Abstract-This study's objective was to determine how treatment-, environmental-, and facility-level characteristics contribute to postdischarge mortality prediction. The study included 4,153 Veterans who underwent lower-limb amputation in Department of Veterans Affairs facilities during fiscal years 2003 and 2004. Veterans were followed 1 yr postamputation. A Cox regression identified characteristics associated with mortality risk after hospital discharge following amputation. Older age, higher amputation level, and more comorbidities increased mortality likelihood. Patients who had inpatient procedures for pulmonary and renal problems had higher hazards of postdischarge death than those who did not (hazard ratio [HR] = 2.10, 95% confidence interval [CI] = 1.16-3.77, and HR = 2.22, 95% CI = 1.80-2.74, respectively). Patients who had central nervous system procedures had higher hazards of death early postdischarge (HR = 2.23, 95% CI = 1.60-3.11) at 0 d, but this association became insignificant by 180 d. Patients in a surgical intensive care unit (ICU), medical ICU, or medical bed section at the time of discharge were more likely to die than patients on a surgical bed section. Patients hospitalized in the Midwest were less likely to die early after discharge than patients in the Mountain Pacific region, but this regional effect became insignificant by 90 d. Adding treatment-, environmental-, and facility-level characteristics contributed additional information to a mortality risk model.
INTRODUCTION
Lower-limb amputation (LLA) resulting from chronic disease such as diabetes carries a high mortality rate, particularly for those with concomitant medical conditions and those who undergo a higher level amputation [1] [2] [3] [4] [5] [6] . Tseng et al., using retrospective data, recently showed that, while initial major LLA rates declined in the Department of Veterans Affairs (VA) by 36 percent between fiscal years (FYs) 2000 and 2004, the total number of Veterans undergoing a major LLA increased from 1,008 to 1,247 during the same time frame [7] . Others have found similar trends in the general U.S. population [8] [9] . To better understand the medical conditions and other important covariates associated with mortality among Veterans who undergo transtibial or transfemoral amputation in VA medical centers (VAMCs), we have expanded on work previously presented, adding inpatient procedures, geographic region, travel time to nearest hospital, and hospital characteristics to our original model of mortality risk following LLA [1] .
METHODS

Sources of Data
Data used for this study were acquired from eight Veterans Health Administration administrative databases. These databases captured various aspects of the Veterans' healthcare utilization. The data sources and how the data were used have been described previously [10] [11] [12] [13] [14] [15] [16] [17] . Travel time to the nearest hospital was calculated using the 2007 American Hospital Association (AHA) Annual Survey Database for hospital location and the Veterans' ZIP code of residence from the Medical SAS Datasets. With the latitude and longitude of these two points, Arc-GIS 10 software (Esri; Redlands, California) was used to determine the travel time, adjusting for road type and population density. Data on hospitals can be purchased from the AHA Web site: http://www.ahadata.com/ahadata/ html/AHASurvey.html.
Study Population
Study subjects who had LLAs during FYs 2003 and 2004 (referred to as waves 1 and 2) were included. Inclusion criteria were being discharged from a VAMC between October 1, 2002, and September 30, 2004 , and LLA as indicated with one of the following surgical procedure codes in the medical record: 84.10, 84. 13-84.19 , and 84.91 [4] . If a patient had amputation of the toes only or evidence of a previous LLA within the year prior to the "index surgical stay," or the hospitalization from admission to discharge of the new amputation of interest, the patient was excluded from the study. To obtain the entire index surgical stay, medical records with admission or discharge dates within 24 h of the LLA record were merged together. Data for this study include information up to the 1 yr anniversary of the LLA surgical date.
We began with a total of 4,727 subjects from waves 1 and 2. Since the focus of the study was to determine factors associated with mortality after being discharged from the index surgical stay, the following groups of patients were excluded: 364 patients who died during the index surgical stay, 17 whose index surgical stay was more than 365 d after the surgical amputation and thus had no mortality follow-up data available, and 131 who were discharged to another hospital because we could not calculate time travel from the home ZIP code to the nearest hospital ZIP code for these patients.
We also excluded 62 patients because they were missing at least one of the predictors:
• 49 patients with a V57 code, indicating that they received inpatient rehabilitation, but without evidence of a Functional Status and Outcomes Database record to designate which type of inpatient rehabilitation was received during the index surgical stay. • 1 patient missing living location before hospitalization information.
• 12 patients missing travel time from their home ZIP code to the ZIP code of the nearest hospital, either a VA facility or community hospital. Subsequently, 4,153 unique veterans with an LLA were included in the analyses.
Patient-, Treatment-, Environmental-, and FacilityLevel Characteristic Definitions
Patient-level characteristics were selected based on the Post Amputation Quality-of-Life framework [16] . Domains within the framework incorporated in this study included demographics, amputation level, contributing amputation etiologies, comorbidities, and medical acuity. The independent variables are based on the index surgical stay discharge date unless otherwise noted.
Demographics comprised age (continuous), sex, source of hospital admission (home, hospital, or extended care), and marital status (married or not married). Level of LLA differentiated between unilateral and bilateral as well as transtibial and transfemoral. Because there were only a few cases, those study subjects who underwent both a transtibial and a transfemoral amputation were combined with the bilateral transfemoral group.
Etiologies and comorbidities were identified using the International Classification of Diseases-Ninth Revision-Clinical Modification codes from the outpatient files 3 mo prior to the index surgical stay admission date and from the inpatient files up to the surgical date. Our group classified 12 amputation etiologies, 10 of which were included in the study [1] . The amputation etiologies of lower-limb cancer and congenital deformity were not included because of low prevalence. The 2003 version of the Elixhauser comorbidity measure was used in the analyses. This version incorporates 31 conditions and differentiates between hypertension with and without complications. Obesity was not included because no study subject had evidence of this condition. Peripheral vascular disease and diabetes were classified as amputation etiologies and thus were not considered comorbidities.
Treatment-level variables incorporated in this study have been described previously [16] . Additional factors included in the study were the average number of bed sections patients were cared for on during the index surgical stay, bed section location at the time of hospital discharge, average length of stay of the entire hospitalization (in days), average length of stay from the hospital admission to the amputation date (in days), average length of stay from the amputation to the hospital discharge date (in days), and type of inpatient rehabilitation received (no evidence of inpatient rehabilitation, consultation rehabilitation, or specialized rehabilitation).
Environmental-level variables included discharge location from the index surgical stay (home or extended care) and travel time. Travel time was measured as the time in minutes required for a patient to travel from the patient's home ZIP code to the ZIP code of the nearest hospital, either VA facility or community hospital. A travel time of 0 min would indicate that a hospital was in the same ZIP code as the patient's residence. Longer travel times would indicate that patients live in a ZIP code that is farther away from the ZIP code of the nearest hospital. We included three facility-level characteristics in this study. Geographic regions were categorized as Northeast, Southeast, Midwest, South Central, or Pacific Mountain. Hospital bed size was added as a categorical variable (126, 127-244, 245-362, or >362). Presence of a CARF (Commission on Accreditation of Rehabilitation Facilities) accredited program at the VAMC where the Veteran underwent the LLA was also included.
Because 2 yr of data were used in the study, a year variable was included.
Outcome
Time to death following the index surgical stay discharge date was the primary outcome of this study. Mortality was obtained through evidence of a death date found in the Beneficiary Identification Records Locator Subsystem death file.
Statistical Analyses
Baseline patient-, treatment-, environmental-, and facility-level characteristics were contrasted between study subjects who did and did not die within the study period time frame through chi-square tests or Student t-tests.
A Cox proportional hazards model [18] , which is a time to event analysis, was used to determine the hazard ratio (HR) and 95 percent confidence interval (CI) of Veterans dying after being discharged from the surgical amputation hospitalization.
Each patient-, treatment-, environmental-, and facility-level variable was entered by itself to predict time to mortality. If the p-value was <0.05, then the variable was included in the multivariate model. Also included in the multivariate model were clinically important factors such as age, sex, marital status, amputation level, and source of hospital admission, regardless of whether the p-value was <0.05 in the unadjusted analysis. The travel time variable was entered in the model as a continuous variable. We also tested time travel as a quadratic term to model nonlinearity. Because the quadratic term was not significant in the unadjusted model, we retained only the linear form. The backward selection technique was used to eliminate variables by one to reach the final main effect model where p-values for all variables are <0.05.
To see if the HRs stayed the same over time, the Cox regression model's proportional hazards assumption was tested. The interaction between each factor in the final main effect model and time to death or the end of the follow-up period was added to the final main effect model. We added all interactions with p < 0.05 in the previous step before a final backward selection procedure was conducted to obtain the final model with main effects and interactions. In the cases where the variables violated the proportional hazards assumption, HRs and 95 percent CIs at 0, 90, 180, 270, and 365 d after discharge from the amputation hospitalization were calculated. For the variables that did not violate the proportional hazards assumption, the constant HRs and 95 percent CIs were reported. All models took into account the correlation among patients from the same facility. PROC TPHREG in SAS 9.1 (SAS; Cary, North Carolina) was used for all time-to-event analyses. The p-values were two-sided, with statistical significance at p < 0.05 in the final models.
RESULTS
A total of 720 (17.34%) Veterans with LLA died during the 1 yr after being discharged from the index surgical stay, while 3,433 (82.66%) did not. The average age was 66.58 yr (standard deviation = 11.20), and 41.63 percent had unilateral transtibial amputations. There were 195 (4.70%) cases with 0 min travel time, 363 (8.74%) with 1 min travel time, 2,617 (63.01%) with 2 to 10 min travel time, and 978 (23.55%) who had travel times 11 min from their home ZIP code to the ZIP code of the nearest hospital. Table 1 includes the unadjusted results comparing the baseline characteristics of patients who did and did not die after being discharged from the index surgical stay.
The variables that did not violate the proportional hazards assumption after adjusting for patient-, treatment-, environmental-, and facility-level characteristics are found in Table 2 . Younger Veterans were less likely to die after being discharged from the index surgical stay. Patients who were admitted to the hospital from home (HR = 0.74, 95% CI = 0.58-0.94) or transferred from another hospital (HR = 0.69, 95% CI = 0.52-0.90) were less likely to die than patients admitted to the hospital from extended care. Those with an amputation etiology of problems with peripheral circulation (HR = 1.41, 95% CI = 1.07-1.85) or systemic sepsis (HR = 1.31, 95% CI = 1.04-1.64) were more likely to die after being discharged than those without these contributing amputation etiologies. Veterans with chronic osteomyelitis (HR = 0.67, 95% CI = 0.47-0.94) were less likely to die. Patients with evidence of the comorbid conditions of chronic pulmonary disease (HR = 1.38, 95% CI = 1.16-1.64), congestive heart failure (HR = 1.34, 95% CI = 1.14-1.58), fluid and electrolyte disorders (HR = 1.25, 95% CI = 1.05-1.48), metastatic cancer (HR = 3.48, 95% CI = 2.27-5.33), pulmonary circulation disease (HR = 2.21, 95% CI = 1.14-4.30), solid tumor without metastasis (HR = 1.77, 95% CI = 1.42-2.22), or weight loss (HR = 1.50, 95% CI = 1.14-1.98) were more likely to die after being discharged from the index surgical stay. Veterans who underwent procedures for active pulmonary pathology (HR = 2.10, 95% CI = 1.16-3.77) or severe renal disease (HR = 2.22, 95% CI = 1.80-2.74) were more likely to die. Compared with being discharged from a surgical bed section, patients who were discharged from a surgical intensive care unit (ICU) (HR = 1.94, 95% CI = 1.10-3.42), medical (HR = 1.86, 95% CI = 1.51-2.28), or medical ICU (HR = 4.55, 95% CI = 2.62-7.90) bed sections were more likely to die. Compared with patients who received inpatient specialized rehabilitation services, patients who received inpatient consultative rehabilitation services (HR = 1.65, 95% CI = 1.11-2.45) were significantly more likely to die, while those with no evidence of inpatient rehabilitation were marginally more likely to die (HR = 1.66, 95% CI = 0.97-2.86, p = 0.07). Patients whose travel time from their home ZIP code to the closest hospital ZIP code was shorter were more likely to die than patients who had longer travel times from their home ZIP code to the closest hospital ZIP code (HR = 0.99, 95% CI = 0.98-0.99).
Several variables violated the proportional hazards assumption, indicating that their HRs of dying after discharge from the index surgical stay did not remain constant over time ( Table 3) . Compared with patients who underwent a unilateral transtibial amputation, patients who had a unilateral transfemoral amputation or bilateral transfemoral amputation were more likely to die up to 90 d after discharge from the index surgical stay. Both HRs decreased over time. Patients who had procedures suggestive of acute central nervous system pathology were more likely to die through 90 d, but those HRs decreased over time as well. The hazards of dying for those living in the Northeast region were higher only at the time of discharge from the index surgical stay compared with the Mountain Pacific region, while patients living in the Midwest were less likely to die at discharge. There was no difference in the hazards of dying between patients in waves 1 and 2 at the time of discharge. However, after 90 d, patients in wave 2 were less likely to die.
DISCUSSION
Expanding on our original study, we added a number of variables to our model, including structural factors, treatment processes (procedures that occurred during the index surgical stay), and distance to nearest hospital. We also added an additional 12 mo of data and established a more sophisticated analytic strategy than originally used.
Patient-Level Characteristics
In general and consistent with other studies [1, [3] [4] [19] [20] , older patients, patients with bilateral amputations, and patients with greater comorbidities and evidence of greater acuity during the index surgical stay were more likely to die after being discharged. Patients who were married also had poorer survival in the unadjusted model than those who were not. A similar finding was seen among those who were admitted from an extended care facility. Comorbid conditions including cardiac arrhythmias (unadjusted association only), chronic pulmonary disease, congestive heart failure, fluid and electrolyte disorders, metastatic cancer, renal failure (unadjusted association only), solid tumor without metastasis, and weight loss were all associated with higher mortality within 1 yr of discharge from the index surgical stay. Remes et al. found that the presence of cardiovascular disease predicted both early and late postoperative mortality following major LLA but that lung disease did not [6] . Others have found higher mortality rates in persons with even moderate renal insufficiency [4, 20] . Patients with significant comorbidities such as heart, lung, and/or renal disease are likely to be frail with minimal functional reserve. The added burden brought on by a new amputation further reduces their activity level, leaving them at high risk for complications associated with immobility. Veterans admitted from home or transferred from another hospital were less likely to die within 1 yr of discharge than those admitted from extended care. Again, Veterans residing in extended care facilities at the time of the need for an LLA are likely to have diminished functional capacity, be in poorer health overall, and lack the reserves to fully recover function following the amputation.
Treatment-Level Characteristics
Higher medical acuity as evidenced by being treated on a greater number of bed sections; being treated in a medical or surgical ICU; and requiring medical procedures such as for acute pulmonary disease, central nervous system problems, severe renal disease, and severe nutritional compromise (unadjusted association only) were associated with higher likelihoods of death after discharge from the index surgical stay. Also, Veterans who waited longer to have their surgical amputation once admitted to the hospital or who were discharged to an extended care facility were more likely to die than those who received inpatient specialized rehabilitation services, as were Veterans who received inpatient consultative services. Dillingham and Pezzin found similar results in a study of elderly patients with dysvascular amputations [21] . In their study of a Medicare-based population, they noted that the 1 yr mortality for elderly persons with major LLA was significantly less for those patients discharged to an inpatient rehabilitation program than those discharged to home or to a skilled nursing facility. Presumably, patients referred to rehabilitation are stable medically and achieve a higher level of functioning than those discharged to an extended care setting, which would account for some of this difference; however, Dillingham and Pezzin did not find significant differences between the characteristic of patients who received inpatient rehabilitation versus those who did not in terms of comorbid- ities. The improved function achieved during the rehabilitation program may provide some level of protection from the deleterious effects of immobility.
Patients who underwent an amputation in year 2 were less likely to die after 90 d than patients who underwent an amputation in year 1. Future studies will be essential to determine whether this is a data anomaly or represents improved outcomes.
Environmental-Level Characteristics
The environmental characteristic of travel time from the patient's home ZIP code to that of the nearest hospital was a variable not used in the original study. The VA has, for the past decade, been expanding primary care services into the local communities and more rural areas. The overarching goal of these community-based outpatient clinics is to reduce Veteran travel time to care. The VA also has the ability to purchase care in the community for eligible Veterans when necessary. We anticipated that patients with shorter travel times to a healthcare facility would have a lower mortality risk than those patients in ZIP codes remote from the nearest facility. Surprisingly, our results showed just the opposite. Although it seems counterintuitive that patients with shorter travel times from their home to a local hospital had a higher mortality rate than those who lived farther away, there are several possible explanations. The facility closest to the Veteran's home may not be the facility he or she actually uses for specialty care. Many Veterans live in rural areas, and while the local community hospital may be within the same ZIP code region as their home address, it may not offer the specialty services needed, requiring Veterans to travel long distances to receive specialty care at the VA facility. While the VA has community-based outpatient clinics offering primary care in more rural areas, specialty care is only provided at main VA facilities. The perception of access as noted by the proximity of a healthcare facility within the same or nearby ZIP code may not translate into true access, particularly for specialty care. Access to non-VA community services for specialty care at VA expense is regulated by strict criteria, and if a Veteran has no other source of healthcare insurance than VA, he or she may postpone services because of travel or cost barriers, presenting to the VA parent facility only when very ill. Veterans who live a long distance from a VA facility and lack a local community hospital to rely on in an emergency may be more motivated to seek care early to better maintain their health overall. In highly urban areas, where the Veteran may be within the same or adjacent ZIP code, there may be other nonspatial barriers to healthcare access. There may be a higher percentage of low socioeconomic Veterans with significant medical burden in urban areas.
There are several limitations to this study. The study was limited to the Veteran population, which is predominantly male. Race was not included because of the large amount of missing information.
The relationship between patients' locations and travel time to medical care services needs further examination. While travel time to appropriate care is certainly an important aspect to actual utilization of healthcare services, there are other environmental, nonspatial factors that may be as influential as travel time. In future analyses, we will seek to incorporate a number of these factors to better understand the relationship between the veteran's environment and access to care. Census data on the population in poverty, median income, or femaleheaded households can provide an indication of the socioeconomic profile of a Veteran's community. Linguistic barriers and service awareness can be captured using publicly available census data on the proportion of nonwhite minorities and education levels (i.e., proportion without a high school diploma). Transportation barriers can potentially be captured by investigating the number of households in the Veteran's community without a motor vehicle because those individuals who rely solely on public transportation may be disadvantaged in their ability to get the care they need. These variables will be added to the "environmental" domain included in future predictive models.
CONCLUSIONS
Mortality risk following LLA is high, particularly for frail elderly patients and those with multiple comorbidities, and the perception of access to healthcare may not translate to better outcomes. Knowledge of the types of procedures received during hospitalization appears to add valuable prognostic information over and above diagnostic information; further work is needed exploring issues surrounding access of specific types of care, particularly for the elderly disabled patient.
